With the recent advancement of mobile technologies, such as smart phones, digital cameras and PDAs (Personal Digital Assistants), and tablet PCs mobile learning provides opportunities for formal and informal education in a wide range of settings. In particular, the use of mobile technologies to access digital libraries opens up doors for providing unique learning experiences, both inside and outside of the classroom. This paper presents the design and implementation of a mobile learning digital library infrastructure and test applications. We first conducted a user needs analysis of students, educators, and parents in order to understand desirable functional attributes and challenges associated with mobile learning. We translated this needs assessment into a list of twelve functional attributes for digital library infrastructures and mobile device applications that will facilitate informal learning. In order to test out the recommendations, a conceptual design was developed as a lesson plan that uses mobile devices and digital libraries to teach the concept of simple machines. This lesson was implemented during a workshop conducted with students in the TechBridge program, an after school program that introduces girls to technology. The students that participated in this workshop were from less affluent schools and were all members of ethnic groups that are typically underrepresented in the field of engineering. This paper summarizes the needs assessment research, implementation, testing and recommendations for future work. Our goal is to provide recommendations for mobile learning technologies that will increase access and enhance mobile learning experiences for students of all backgrounds.
This paper presents the design and implementation of a mobile learning digital library infrastructure and test applications. We first conducted a user needs analysis of students, educators, and parents in order to understand desirable functional attributes and challenges associated with mobile learning. We translated this needs assessment into a list of twelve functional attributes for digital library infrastructures and mobile device applications that will facilitate informal learning. In order to test out the recommendations, a conceptual design was developed as a lesson plan that uses mobile devices and digital libraries to teach the concept of simple machines. This lesson was implemented during a workshop conducted with students in the TechBridge program, an after school program that introduces girls to technology. The students that participated in this workshop were from less affluent schools and were all members of ethnic groups that are typically underrepresented in the field of engineering. This paper summarizes the needs assessment research, implementation, testing and recommendations for future work. Our goal is to provide recommendations for mobile learning technologies that will increase access and enhance mobile learning experiences for students of all backgrounds.
MOTIVATION
With the advent of mobile devices, such as cellular phones, cameras, and PDAs (Personal Digital Assistants), new opportunities arise for informal learning outside the realm of the traditional classroom. With nearly 85% of a student's time spent outside of the classroom, there are abundant opportunities to transform daily events into meaningful learning opportunities that contribute to and complement a student's overall education [4, 5, 12, 14, 25, 26, 33, 34] .
Digital libraries are another emerging technology with great potential for learning. Digital libraries are able to store very large amounts of information without taking up physical space. In addition, they provide greater access to information, since material can be accessed from multiple locations around the world at any time of the day [22, [36] [37] [38] .
When one considers the new technologies of mobile devices and digital libraries in tandem, it is easy to see the vast opportunities that remain, as of yet, untapped. Through the combination of these two technologies, students would be able to access educational information in informal learning settings outside of the classroom. In this way, students no longer need to rely on physical books for their information. Instead the technology enables them to quickly access learning material in settings such as museums, community centers, field trips, or in the schoolyard. [7, 16, 19, 32] As new educational technologies develop, it is necessary to ensure that they meet the needs of all students in order to provide equal opportunities and to encourage diversity. This new technology should encourage diversity in all forms, so that it will cater well to all learning settings, schools, and learning styles as well as students of all economic backgrounds, races, and genders.
RESEARCH QUESTIONS
The main purpose of this research is to provide design recommendations that can be used to support the development of digital libraries for use in mobile learning, primarily for engineering education at the elementary level. Specifically, this research aims to provide recommendations that will address the needs of all students, including those who are members of groups that are typically underrepresented in the engineering fields. The recommendations for a digital library infrastructure should address both in class and out of class activities. As a test case, we will examine the example of teaching the concept of "simple machines" and how mobile learning and digital libraries can help different types of learning: learning terminology, identifying everyday objects as simple machines and actual understanding of how exactly simple machines make work easier.
BACKGROUND
The NEEDS (National Engineering Education Digitallibrary System) is one of the earliest educational digital libraries to serve the engineering community. Since it's creation in the early 1990's, NEEDS has provided access to engineering education resources for students and instructors and conducts an annual competition for the Premier Award for Excellence in Engineering Education Courseware. Through this library, users are able to search, download, and comment on these resources. NEEDS has recently added a number of quality resources and services, including a My Workspace/Portfolio feature for registered users, which allows members to save resources for later use. Recently, NEEDS has partnered with the K-12 TeachEngineering digital library to create the more comprehensive K-Gray Engineering Pathways digital library [11] serving, K-12, Higher Education and Professional Education. Much work has been done in designing the features of these digital libraries [6, 7, 10] .
Several recent studies have explored how digital libraries can be leveraged for mobile learning, investigating topics such as informal learning outside of the classroom and the issues dealing with security in mobile learning [16, 17, 19] .
INITIAL METHODS OF FINDING USER NEEDS
Our study was based on qualitative research methods [13, 21] which were used to develop protocols for analyzing our interviews and observational data and generate results in the form of actionable design recommendations. We followed a human-centered (empathic) design approach [20, [27] [28] [29] , with the first step being identifying and understanding the needs of our users, namely students, teachers, schools, and parents. By using qualitative methods, we were able to discern key needs that would in turn inform the implicated design features for a new system.
Focusing on elementary and middle school students, we collected data using three different qualitative methods: observations, interviews, and student workshops. Observations were made from seventeen different sites of local informal science activities, such as summer camps, science museums, nature centers, and school museums and we were able to make field notes on various aspects of these informal learning sessions. Additionally, nine semi-structured interviews were conducted with teachers and science coordinators from elementary schools around the Berkeley area. We also conducted several student workshops, in which we were able to observe students interactions with technology and get their opinions on fieldtrips and science and math education.
After gathering all of this data, we were able to highlight key findings and identify common and recurring themes. This set of data was then organized into groups which seemed to address the same underlying needs. After we came up with this list of very specific needs, we again categorized the data to form a set of need themes. Ultimately, we identified a list of twelve basic needs that are summarized below.
KEY NEEDS FROM USER STUDIES
The following is a list of the twelve needs which came out of previous user research [16] . Further details, including the implications for design from each need, can be found in the reference.
1 The need themes that most pertain to engaging students and promoting access and diversity are the subject of this paper -Personal Perspective, Equal Access, Capture and Cater to All. Any new technology should be able to be accessed equally by all students. This includes age, cognitive, gender and ethnic diversity, as well as taking into account students with vision or hearing disabilities. Any new technology should cater to a range of learning styles. It is also important to recognize that students come from a variety of backgrounds and may differentially connect school material with examples from their personal life. Thus the value of relating everyday objects in a child's life with the learning material.
FORMULATING A WORKSHOP SCENARIO
Building on the needs and brainstorming many concepts developed in [16] and summarized in the previous section, we refined the ideas to a final workshop scenario for testing. In this workshop we targeted students in grades four and five who were approximately nine to eleven years of age. The application area focused primarily on pre-engineering, science and math education. All of our studies were done in the context of public schools and programs in California's Bay Area. Though our study was narrowly focused, we were still able to make observations of a very diverse range of school and student types. This use scenario is summarized below:
DIGITAL LIBRARY USE IN THE WORKSHOP
In our exploration of the untapped opportunities of using mobile technologies and digital libraries hand in hand, we utilized the EngineeringPathway [11] digital library for our workshop. The library contains both K-12 and higher education engineering resources. Because the EngineeringPathway is hosted at the University of California Berkeley, we were able to have sufficient access to it for development purposes. For example, we were able to monitor user accounts, create specialized series of resources, and experiment with the current EngineeringPathway workspace feature.
ACCESSING THE DIGITAL LIBRARY VIA PDA
In order to facilitate use of the digital library on mobile devices, we used a commercial browser called Opera™ that was specifically designed for the PDA. Ideally, the digital library would have a separate mobile friendly website, which would allow for easier navigation on a smaller screen.
WORKSPACE FEATURE
For the workshop, we planned to explore the possibilities of using a digital library workspace feature to share content and resources with students during an informal learning activity. In the current EngineeringPathway Digital Library, the workspace feature allows a user to save and bookmark certain links. These links are displayed in a list when the user views the workspace page. In view of mobile learning applications, with several modifications this feature could be very useful for educators. For example, teachers could create a shared workspace of links that are based on a certain subject. Students would then be able to access this subset of information during a lesson.
EXPERIMENTAL WORKSPACE DESIGN
Using the recommendations from the user studies, the workspace was mocked up for the workshop to meet the following requirements.
Folders: The workspace should have folders so that it can be organized for easy use and access. Educators should be able to use folders to organize material by subject or for use in different classes or activities.
Textboxes When the workspace is shared with other students or educators, text boxes should allow the user to provide a comment or explanation along with the subset of information that is presented in the workspace.
Image Based Links: For elementary school children, images rather than website titles may be more useful pieces of information. There are many applications in elementary school activities for using a specific set of images. Therefore, the workspace should allow for displaying an image that is stored as metadata for a certain resource.
The workspace used in the workshop was a collection of links to resources of examples of simple machines. Folders were used to categorize the resources by simple machine and the textboxes were used to provide a definition of each simple machine. A template was used to display image-based links. The use of images rather than text helped to provide a PDA friendly and a child friendly interface. Since the school in which we were conducting our workshop did not have wireless access, we mocked up this workspace using a "wizard of oz" approach and storing the workspace and associated resources directly on the PDAs (Fig. 1) . 
DEPLOYMENT IN WORKSHOP

Context
Our workshop was conducted with students in the Techbridge program, an after-school program designed to encourage girls in science, technology, and engineering [35] . This program was founded in 2000 in Oakland and is hosted by the Chabot Space and Science Center. Since it's inception, TechBridge has reached over a thousand girls in about a dozen different schools in the Bay Area. We conducted our workshop in a school in a lower income neighborhood, and our participants were primarily black and Latina fifth grade girls from two different elementary schools.
There were approximately fifteen students who participated in this workshop. The students used PDAs in this workshop and they utilized the Pocket Paint™ program, which allowed them to draw on the pictures.
Workshop Setup
The workshop was conducted in over a two week period in two sessions which were each an hour and a half long. The first session began with a short icebreaker to introduce the instructors to the students. Following that, the students were split into teams for an activity to introduce the concepts of three different simple machines and how they make work easier. Each team received a heavy textbook along with some tools and was given a task to accomplish. In order to introduce the idea of a lever, one team was given a flat board and asked to lift the board a few inches off of the desk using just one finger. To convey the concept of an inclined plane, another group was given a slanted binder and asked to lift the book above the desk using just one finger. The third group was given a string along with the book and asked to lift the book from the floor to above the instructor's arm in order to learn about pulleys. After the teams explored the problems, a representative of each team demonstrated the solution that was discovered. At this point, the instructors gave a brief definition and explanation of each of the three simple machines. Following this activity, the students were given a worksheet and asked to complete it to the best of their ability.
After the activity, one PDA was given to each team of two or three girls (Fig. 2) . Each PDA had a different color of tape on it to differentiate the teams. The instructors gave instructions about how to use the PDAs, including how to take pictures, how to annotate the photos, and how to access the digital library as a resource, while each team practiced these skills. After this set of instructions, the teams were allowed to roam around the school and the schoolyard to take pictures of examples of the three simple machines that they had learned about. The students were instructed to label each picture with arrows indicating the direction of motion and the first letter of the simple machine they were identifying. In addition, students were informed that they could access the digital library workspace as a resource if they wanted to see any more examples. After returning to the classroom, the students ended the first session by reflecting on what they had learned that day in their journals.
Figure 2: Students Annotate Pictures and Access the Digital Library Using the PDAs
Between the two sessions, students were also given the opportunity to search the EngineeringPathway on desktop computers to find additional information about engineering for girls and simple machines.
The second session began with an exercise designed to refresh the students' memories so that they would recall the material they had learned the previous week. PDAs were passed out to the class and the students were asked to view the workspace that contained examples of simple machines. The workspace was projected in front of the class as well. Students read aloud the given definition for each simple machine that was in the workspace and then gave ideas for what all the items had in common. In other words, the class brainstormed together to make a list of the essential characteristics for each simple machine.
Following this activity, a selection of photos taken by the students the previous week was shared with the class. A handout with the printed pictures was distributed to the students and the photos were also projected in front of the class. The students discussed each image and classified it by type of simple machine. To help them in their classifications, they often referred to the list of essential characteristics that was brainstormed previously. Following the discussion, the students were given a post-test worksheet in which they classified other pictures of objects as simple machines.
The workshop ended with a question and answer session, in which the students were able to ask the instructors (two female graduate students in engineering) questions about their experiences and career plans. Afterwards, the students reflected on the activities of the day in their journals.
EVALUATION
Observations
In the first session, students were very excited about taking pictures of simple machines. However, from observations it appeared that many of the girls still did not grasp the basic concepts. While most students were able to understand what constitutes an inclined plane, many were confused about how to distinguish a lever or a pulley. For example, a number of students seemed to believe that a pulley was any machine you operate by pulling.
During the second session, students seemed very enthusiastic about identifying simple machines. Students were engaged in discussing and arguing over which simple machine the item in the picture was. Often they were able to spot more machines than the student photographer had intended to capture; in one picture, four different simple machines were identified. Even after we had finished sharing the pictures and the formal activity was over, students continued to point out additional simple machines in their classroom.
Worksheets
After the in-classroom portion of the first session, we provided students with a worksheet to complete to the best of their ability. This worksheet contained fill-in-the-blank and matching questions and was designed to test the students' ability to recognize definitions, applications, and examples of simple machines. This worksheet contained pictures to be labeled and was designed to test the students' ability to identify examples of simple machines. From our results, it appeared that this test was too difficult for most of the students. For at least one student, it appeared that language might have been a barrier as she was more comfortable in Spanish. Several of the students gave up almost immediately and did not fill in any answers. Those who attempted to answer only got a few, if any, correct. As a consequence, the instructors stopped the pretest as it became apparent that it was too discouraging for the students.
After discussing and sharing pictures on the second day, students completed another worksheet that was similar in complexity to the first one. Unlike the experience on the first day, the students were very successful in identifying the e x a m p l e s . Out of the ten students who completed the worksheet, five received a perfect score and identified all six examples correctly. The average score on the tests was a 5.1 out of 6, which translates to an overall success rate of 85%.
Annotated Images
For the most part, students were able take many creative and insightful pictures to demonstrate their knowledge of simple machines (Fig. 3) . Unfortunately, due to time and technical limitations, many of the students were unable to digitally annotate their pictures. However, the pictures themselves allowed us opportunities to assess whether students were capturing simple machines. For example, one group was able to recognize that an elevator was operated through a pulley system. Though they were unable to actually see the inner working of the machinery, they were still able to discern that an elevator would be moved up and down with a pulley type system.
Figure 3: Example of Annotated Image
Observations of Students Exploring Digital Library
Between the two workshop sessions, students were given an opportunity to search the EngineeringPathway digital library on their own using the school's desktop computers. They were asked to find additional information about simple machines, as well as sites about girls in engineering.
From observations, it was almost immediately clear that it was very difficult for the students to navigate the menus. These elementary school students had trouble using the complicated advanced search menus and also had trouble entering in a specific search term, because one slight typo would lead them to the wrong results. Students were told to search over a pre-filtered series, which contained only childfriendly resources, but when they accidentally searched outside of the series, they quickly became confused by the number of resources they found which were aimed at educators or researchers [8] [9] . One or two of the students automatically turned to their default and began using Google [15] to perform their searches.
After monitoring the students' Internet activity, we were able to see which resources were the most popular and which they found the most appealing. Students gravitated towards educational sites that resembled video games and children's cartoons. On these web sites, students either played simple games or watched movie files.
Feedback from Students and Educators
After the workshop was over we were able to gain feedback from the students and the educators. We were able to gain insight into the students' perceptions and obtain feedback by reading the journals in which they had recorded their reflections and thoughts after each session. In addition, the teachers were interviewed and asked their opinions on the lesson plan and this specific use of mobile technologies in the classroom. Representative excerpts of the feedback we received from the educators and the students are provided below: 
RECOMMENDATIONS
Most of the features of the scenario were implemented in the workshop. The students found the experience engaging and, though they lacked any experience with the new concepts at the beginning of the lesson, their final test scores climbed to 85%. More importantly, the results indicated that the students had developed a solid understanding of the concepts behind simple machines that they were able to generalize to a range of applications. However, not all aspects of the workshop went smoothly, indicating limitations in the technological features that need improvement in order to enhance both the student and the teacher experiences. Our recommendations are summarized below.
Workspace Templates
The workspace should have customizable templates, which allow for different views of how metadata should appear. This addresses the Cater For All need we identified earlier, as it allows teachers to modify the interface to suit students who are visual learners or respond more to textual information. For this application, it was useful for links to be displayed as images and for textboxes to be displayed at the top of the page. However, for other applications, it might be useful to display other information such as web site titles. Therefore, the user should be able to have better control over the display of information. This recommendation applies regardless of the screen size and applies to both mobile devices with small form factors, as well as desktop computers. The library of views for the small form factor should take size into account.
Equal Access
Customization of the workspace should expand the access of the digital library to work on devices with different form factors. Such "universal design" features should include devices designed for the blind.
Capture
Mobile devices should provide the opportunity for capturing data. From the user needs analysis, we were able to discern that one of the most important advantages of using mobile devices in education is providing a means to capture data easily in outside environments. Again, this allows for teachers to cater to all different learning styles as this captured data could take forms such as photographs, video, audio, or text. In particular, we found that visual data, such as images, were beneficial in many educational applications.
Publishing Workspaces
The workspace folder, with its annotated resources, should be able to be published as a resource in and of itself. This shifts the function of the workspace from a personal reference of bookmarked links for the user to a useful subset of information that can be shared with other students and educators for various applications. In this workshop, the instructors created a workspace that they designed to share with the students as part of a lesson plan. Teachers have expressed an interest in sharing this workspace with other educators as well.
Security
There are many issues involved in security with new technologies in mobile learning. While it is beneficial to publish students' work on the Internet to make it accessible to parents, educators, and students, there are also many privacy and security concerns that need to be addressed [17] . When sharing students' work on the Internet, in public forums such as class websites or digital libraries, it is important to ensure safety and privacy. This is particularly important with activities where photographs of children are taken and annotated in a way that reveals location or names.
Seamless Transitioning
From our observations, we found that there were many technological problems with transitions and many steps that could have been simplified. For example, it would be ideal if the photographs and data recorded on the mobile devices could be wirelessly transferred to a server when in close range. We had planned for this to happen during our workshop, but due to technical difficulties the pictures had to be transferred manually.
Because of the scheduling, we were able to organize the pictures between the two sessions. However, if the transitions were made easier, this activity could easily be completed in one day. In addition, it would have been much better if the pictures could have been wirelessly sent to a printer so that the students could quickly have paper copies of their digital work.
IMPLEMENTATION AND FUTURE RESEARCH
In the near future, we plan to incorporate these changes into the EngineeringPathway digital library.
Specifically, the workspace feature will be modified to a great degree to provide personalization and publishing features for any form factor. Additionally, the library will be modified so that users will be able to publish their own workspaces and thus create their own resources that can be shared. An alternative PDA friendly version of EngineeringPathway will also be created for mobile applications of the digital library.
There is still much to learn about the use of digital libraries in mobile learning. From our observations of the general use of digital libraries by children, we found that these libraries are usually not designed with children in mind, especially those from underrepresented groups who may not have as much experience with computers at home, and the sites are often difficult to navigate. There exists an opportunity to create a digital library that is more friendly towards all children, in a form analogous to a children's encyclopedia.
CONCLUSIONS
The study demonstrated the potential of the use of mobile devices and digital libraries in engaging students, making learning relevant to their everyday lives and increasing access to online information. The mockups were used to test out useful features and to identify potential problems. Although small PDAs were used, the capture function could have been carried out with a wide range of mobile devices, including a camera phone or digital camera. The annotation could have been done on a tablet PC or properly enabled desktop computer. Or even by marking up a hard copy of the photographs. The important feature is the ability for students to be able to explore their everyday environment with a mobile device that can capture images that connect to the classroom lesson plan and to related online resources.
The workshop also revealed shortfalls of current technologies that limited the effectiveness of mobile devices in elementary education and school settings. Our recommendations include making changes to the digital library workspace to facilitate sharing and personalization for age and device form factors, providing a safe space to share student work, and adding wireless transfer of images to the computer and printing devices.
